According to Whitehead et al. (1986) the genus Mullus (Pisces , Mullidae) includes two Mediterranean species: Mullus surmuletus and Mullus barbatus .
According to Whitehead et al. (1986) the genus Mullus (Pisces , Mullidae) includes two Mediterranean species: Mullus surmuletus and Mullus barbatus .
These species have been analyzed with regard to reproduction and growth (Scaccini 1947a , b , Planas and Vives 1956) and some biochemical characteristics (Basaglia and Callegarini 1988) . Differently, both Mullides are virtually uncharacterized at the genetic level , the only available information being the diploid number of 44 chromosomes , reported for M. surmuletus (Sofradzija 1987) .
This paper describes the male and female conventional karyotypes of M . surmuletus and M. barbatus from the Gulf of Palermo.
Data regarding nucleolus organizer regions (NORs) and C-banding patterns are also reported.
Moreover, to further characterise the relationship between the two above mentioned species, we have used a molecular parameter aimed at determining the ribosomal generestric tion pattern between the two species. This method had been proved to be succesful in assessing phylogenetic relationships between closely related species in both animals (Hillis and Davis 1986) and plants (Sytsma and Schaal 1985) .
Fg. 1. Eukaryotic ribosomal DNA repeating unit. A long so called non-transcribed spacer (NTS) separates each transcriptional unit from the next, and short transcribed spacers separate the 18S, 5.8S and 28S rRNA coding regions. Below, the sea urchin XhoI-SmaI probe, cloned into Bluescript (KS-), is represented.
The organization of repeated ribosomal RNA genes in eukaryotes is described in Fig.  1 . The ribosomal RNA coding regions (rDNA) are highly conserved between different species and throughout evolution while the intergenic regions (non-transcribed specers or NTSs) show a wide range of variability (Long and Dawid 1980) . We have taken advantage of this feature to detect restriction site variations in the ribosomal RNA gene repeated units of the two species, using an heterologous (sea urchin) probe.
Materials and methods
Fifty six specimens of M. surmuletus and 50 of M. barbatus were obtained by angling in 2 To whom correspondence should be addressed .
the Gulf of palermo between 1987 and 1990 and returned alive to our laboratory. The two species mainly differ from each other in the following characteristics: (1) the outline of the head more oblique in M. barbatus ( Fig. 2A); (2) the fish-hook-longer in M. barbatus ( Fig. 2A) ; and (3) the dorsal fin-with a brown band in M. surmuletus ( Fig. 2B ). All individuals, sexed by examination of the gonads, were tagged and deposited in our laboratory fish collection at Palermo University, Italy.
Chromosome slides were prepared from 36 specimens of M. surmuletus and from 30 of M. barbatus as described by Vitturi et al. (1984) ; after staining with 5% Giemsa, pH 6.8, 12 individuals of M. surmuletus (4 females and 8 males) and 10 of M. barbatus (3 females and 7 males) had spreads enough for chromosome analysis.
Characterization of nucleolus organizer regions (NORs) with silver nitrate (Howell and Black 1980) was made either in mitotic chromosomes of both Mullus species or in meiotic chromosomes of M. surmuletus.
C-band positive regions were determined in 5 specimens (2 females and 3 males) of M. surmuletus and in 3 specimens (1 female and 2 males) of M. barbatus (Sumner 1972 ) using 3 day old slides. The same technique was employed on 30 day old slides of M. surmuletus.
Observations and photomicrographs were made with a Jenamed 2 light microscope. Chromosomes were classified on the basis of the arm ratio values (Levan et al. 1964 ). Genomic DNA was extracted from the testes of 20 uncolchicinized males per species, following the procedure described by Sambrook et al. (1989) .
All digestions with restriction enzymes were carried out according to the manufacturer's (Boheringer) specifications.
Southern blot hybridizations were performed as described by Sambrook et al. (1989) and the denaturated DNAs were transferred onto Hybond membranes (Hybond N, Amersham) in 10x SSC (1.5M NaCl, 15mM Na citrate, pH 7.4).
The DNA probe used in our hybridization experiments was a 2.4 kilobase DNA segment corresponding to the sea urchin 26S rDNA coding region, cloned into a Bluescript (KS-) vector (see Fig. 1 ). After digestion of the clone with Xho I and Sma I, the insert was separated from the Bluescript vector using a new elution procedure developed in our laboratory (Duro et al. 1991) . The eluted DNA probe was then 32P labeled using the random primer method (Sambrook et al. 1989 ) and used for hybridization experiments.
Finally, for hybridization experiments we have used DNA from a sample of 20 individuals belonging to a single species in order to avoid the possibility that polymorphisms in the NTS can interfere with the analysis of the restriction site positions in the two species (Barbieri et al. 1990 ) Results and discussion
Mullus surmuletus
Based on 30 metaphase counts per specimen, the diploid number was 2n=44 in both sexes (Figs. 3b and 4b) . The chromosomes were arranged into 22 pairs; four of them were metacentric or submetacentric (pairs 1-4), eight were subtelocentric (pairs 5-12) and ten were acrocentric (pairs 13-22) ( Figs. 3a and 4a ). The fundamental number (NF) was 52. A small metacentric pair was consistently identified (pair 1 in Figs. 3a, 4a ). When relaxed, it was possible to observe two middle-sized subtelocentric chromosomes with secondary constrictions at the terminal region of the short arms ( Fig. 5a, see g) .
After silver staining, these regions were NOR positive ( Fig. 5a , see n) and appeared similar in size in both homologues of 4 fish (3 males and 1 female) ( Fig. 5b, n1 ), and different in size in 8 fish (5 males and 3 females) ( Fig. 5b, n2) ; moreover, the NOR phenotype was consistent within the same individual.
Intra-individual NOR variations (Fig. 5c ) were observed in 2 specimens, probably due to different chromosome condensation. Irrespective of sex, all C-banded chromosome pairs displayed centromeric heterochromatic bands, small in size and pale in staining, except for the NOR pair having darker C-bands ( Fig. 6a, see arrow) .
The C-positivity of the NORs has been clearly demonstrated by treating, with silver nitrate, C-banded slides of two specimens, previously destained in absolute ethanol; one had the NORs similar (Fig. 6b, 1 ) in size and the other different (Fig. 6b, 2) in size. Some sections , prepared one month before, were examined using the C-banding technique.
Results were similar to those described above, except for the NOR areas, which appeared to be C-negative (Fig . 6c) .
In testes preparations of two specimens, stained with silver nitrate , pachytene chromo some had one large silver area (Fig. 7) ; at diakinesis one rodshaped bivalent per spread co n sistently showed two large NORs (Fig. 8, see arrow) . Interphase nuclei , generally had one large silver area per nucleus ( Fig . 9, see A) which occasionally appeared to be fragmented into nucleolar blocks (Fig . 9, see B) .
Mullus barbatus
The diploid number was 2n=44 in this species too (Figs . 10b, 11b ). Heteromorphic elements were absent; hence , chromosomes could be numbered into 22 pairs in both male ( Fig. 10a ) and female (Fig. 11a) (pairs 1-3), 8 subtelocentric (pairs 4-11) and 11 acrocentric (pair 12-22). The NF was 50. In M. barbatus, as in M. surmuletus, the nucleolus activity was restricted at the terminal region of the short arms of a middle-sized subtelocentric pair (Fig. 12a, see n) . Out of the 10 specimens analyzed here, 2 (1 male and 1 female) had the NORs similar in size ( Fig. 12b,  see 1) ; the remainder (6 males and 2 females) had the NORs different in size (Fig. 12b, see 2) . In C-banded preparations, chromosomal regions corresponding to the NORs were intense ly C-positive (Fig. 13, see arrows) , while centromeric heterochromatic bands were paler in staining.
Southern-blot hybridization of the genomic DNA from Mullus surmuletus and Mullus barbatus, obtained using a cloned DNA fragment corresponding to the sea urchin 26S rDNA coding region as a probe (Fig. 1) , shows differences in the distribution of some restriction sites along the rDNA repeating units of the two Mullus species (Fig. 14) .
Differences were observed using the Pst I and Hind III enzymes; hence, a 11.3kb band appeared Furthermore, the locations of the Eco RI, Pvu II and Sac I sites are not identical in M. surmuletus and in M. barbatus (Fig. 14) .
Similar results were obtained following hybridization of the same membrane using a sea urchin 18S rDNA clone as a probe (data not shown).
Data available suggest that the Mullus rDNA repeating units are about 13kb long. Analysis of somatic metaphase spreads establishes the diploid number 2n=44 for M. surmuletus and M. barbatus.
Close relationships in the karyotype constitutions of the two species is also evident. Nevertheless, since one small chromosome pair is metacentric in M. surmuletus (pair 1) (NF=52) and acrocentric in M. barbatus (NF=50), the two species are unambiguously distinguishable from each other. The diploid value found for M. surmuletus from the Gulf of Palermo agrees with that reported by Sofradzija (1987) for the species from the Adriatic sea. The latter, however, lacks the small metacentric pair. This may be due to the technique there employed, or dif ferent geographical specimens have different karyotypes. The NOR pair was heteromorphic in some individuals of both Mullus species. However, since heteromorphism appeared in both sexes either in M. surmuletus or in M. barbatus, we conclude that it was not linked to a sex mechanism.
Polymorphism clearly involves the NOR areas. Three arguments give evidence for a structural polymorphism.
The first is that homologous NORs of different sizes are also observed to have different dimensions after C-banding. Contrarily , in some cyprinid species (Gold 1984) , the genus Blennius (Perciformes, Blennidae) (Garcia et al. 1987) and Symphodus roissali (Perciformes, Labridae) (Lopez et al. 1988 ) the homologous NOR regions , which were observed to be variable both with conventional and silver staining , appeared to be identical using the C-banding procedure. Hence, differential activity was attributed to a transcrip tional condition. The second is that NOR regions vary in length from one specimen to another but are uniform within the same specimen. Intra-individual NOR variation observed in two M. surmuletus specimens, can probably be attributed to a different degree of chromosome condensation rather than to a true transcriptional activity. Thirdly, the NORs are recognized as chromosome regions of rDNA sequence amplification (Cowell 1982 , Vitturi et al. 1991 . Polymorphisms of the NORs, however, are also typical of numerous fish species (Foresti et al. 1981 , Galetti et al. 1984 , Vitturi et al. 1990 .
Still, it must be said that the NOR regions are C-positive in three day old preparations and C-negative in those prepared thirty days before. Since variation in the C-banding pattern exclusively involves the silver staining regions, we must conclude that, at least in M. surmuletus, NORs' heterochromatin is somewhat different from centromeric heterochromatin.
Since in both mullides a single chromosome pair composed of middle-sized subtelocentric chromosomes, is consistently involved in nucleous organization, it must be deduced that the use of chromosomal NORs as a taxonomic character within the genus Mullus proved to be unsuccesful.
On the contrary, the finding of different restriction patterns of the ribosomal genes in the two Mullus species, gives clear evidence that the molecular parameter is a very sensitive monitor of the divergence between closely related species. In fact we know that, during evolution, all the random modifications indifferent from a functional point of view, can be accumulated along those regions that lack functional significance, such as the ribosomal intergenic regions. We can measure, therefore, divergences between related species by analyzing the differences in the DNA sequence of those regions, and the presence or the disappearance of a particular restriction site can be considered as a sign of divergence.
A diploid number of 48 chromosomes, entirely consisting of uniarmed elements, has been suggested by several anthors as primitive for teleostean fish (Ohno 1970 , Chen 1971 . This implies that the actual Mullus species both possess derived karyotypes.
This coupled with the fact that these species are closely related with respect to morphological (Planas and Vives 1956) , biochemical (Basaglia and Callegarini 1988 ) and genetic (present paper) characteristics seems to indicate that a rather recent speciation process has occurred within the genus Mullus. As schematized in Figure 15 , the two species have presumably diverged from a common an cestor having 2n=44, thus excluding that a parallel evolution within the genus Mullus has occurred.
Summary
The modal diploid number of 44 chromosomes has been found in Mullus surmuletus and Mullus barbatus (Pisces, Mullidae).
Two middle-sized subtelocentric chromosomes are in volved in nucleolus organization (NORs) in both Mullus species. Despite similarity in the NOR location, valuable differences in the restriction pattern of the ribosomal genes have been observed.
